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(57) ABSTRACT

The present invention relates to a compact tunable laser
device that can change the oscillation laser wavelength. The
laser device includes: a laser diode chip 100 that emits laser
light; an optical feedback-partial reflective mirror 500 that
feeds some of light emitted from the laser diode chip 100
back to the laser diode chip 100 by reflecting it; a collimat-
ing lens 300 that is disposed in a light path between the laser
diode chip 100 and the optical feedback-partial reflective
mirror 500 and collimates light emitted from the laser diode
chip 100; a tunable-selective filter 300 of which the trans-
missive wavelength changes in accordance with tempera-
ture; and a 45°-reflective mirror 400 that changes laser light
traveling horizontally to a package bottom into laser light
traveling perpendicular to the package bottom, wherein the
laser diode chip 100 or the tunable-selective filter 300 is
disposed on a thermoelectric element 900 and has an oscil-
lation wavelength changing in accordance with a change in
temperature of the thermoelectric element 900.
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1
COMPACT TUNABLE LASER DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit under 35 U.S.C. §119
(a) of International Patent Application No. PCT/KR2014/
002501, filed on Mar. 25, 2014, the entire disclosure of
which is incorporated herein by reference for all purposes.

TECHNICAL FIELD

The present invention relates to a laser device, particularly
a compact tunable laser device that can change an oscillating
laser wavelength.

BACKGROUND ART

Recently, communication services with large communi-
cation capacity, including video service for smartphones,
have been provided. Accordingly, there is a need for greatly
increasing the existing communication capacity and a
DWDM (Dense Wavelength Division Multiplexing) type
communication has been adopted to increase communica-
tion capacity using optical fibers that were installed already.
The DWDM type communication simultaneously transmits
light having several wavelengths through one optical fiber,
using a phenomenon that light signals having several wave-
lengths do not interfere with each other even if they are
simultaneously transmitted through one optical fiber,
because lasers having different wavelengths do not interfere
with each other.

At present, NG-PON2 (Next Generation—Passive Opti-
cal Network version 2) is internationally under consideration
as a standard and a tunable laser capable of having four
channels with a frequency separation of 100 GHz was
selected, as an optical communication standard to be
installed for subscribers, for NG-PON2. As an optical mod-
ule for subscribers for NG-PON2, an SEP (Small Form
factor Pluggable) transceiver module is the standard and the
SFP module package is small in volume, so it is required to
reduce the size of the 4-channel tunable laser module.

At present, various types of tunable lasers are on the
market, but most of them have an optical device with a large
volume in the type of a butterfly packet, so the optical device
having a large volume cannot he mounted in the SFP
transceiver module. A TO (transistor outline) type package
is an optical package that can be mounted in the SFP
transceiver, but a tunable TO type optical device that can be
tuned in a TO type has not been proposed yet.

DISCLOSURE
Technical Problem

A laser device according to the present invention for
achieving the object includes: a laser diode chip that emits
laser light; an optical feedback-partial reflective mirror that
feeds some of light emitted from the laser diode chip back
to the laser diode chip 100 by reflecting it; a collimating lens
that is disposed in a light path between the laser diode chip
and the optical feedback-partial reflective mirror and colli-
mates light emitted from the laser diode chip; a tunable-
selective filter of which the transmissive wavelength
changes in accordance with temperature; and a 45°-reflec-
tive mirror that changes laser light traveling horizontally to
a package bottom into laser light traveling perpendicular to
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the package bottom, in which the laser diode chip or the
tunable-selective filter is disposed on a thermoelectric ele-
ment and has an oscillation wavelength changing in accor-
dance with a change in temperature of the thermoelectric
element.

It is preferable that the optical feedback-partial reflective
mirror is disposed over the 45°-reflective mirror.

Further, it is preferable that the 45°-reflective mirror is a
partial reflective mirror having a partial reflection/partial
transmission characteristic and an optical supervisory pho-
todiode that receives laser light emitted from the laser diode
chip and passing through the 45°-reflective mirror and
monitors the intensity of the laser light is further disposed at
a side of the 45°-reflective mirror.

It is preferable that the laser diode chip, the collimating
lens, the tunable-selective filter, the 45°-reflective mirror,
and the optical feedback-partial reflective mirror are fixed
over the thermoelectric element and disposed in a TO
(transistor outline) type package.

It is preferable that reflectivity of the 45°-reflective mirror
is 80% to 98% and reflective of the optical feedback-partial
reflective mirror is 30% to 80%.

Further, the tunable-selective filter is given a character-
istic of effectively transmitting light only at a predetermined
specific wavelength and reflecting light at the other wave-
lengths by a composite semiconductor of Ga(x1)Al(1-x1)
As/Ga(x2)Al(1-x2)As, on a GaAs substrate. The wave-
length half amplitude band of transmitting light is preferably
10 nm or less and more preferably 3 nm or less. It is
preferable that the component of Ga is about 1 to 0.6 in
Ga(x)Al(1-x)As. More preferably, it is preferable that it is
manufactured by stacking a GaAs/GaAlAs layer on a GaAs
substrate.

It is preferable that the inside of a package housing in
which the laser diode chip, the collimating lens, the tunable-
selective filter, the 45°-reflective mirror, and the optical
feedback-partial reflective mirror are disposed keeps
vacuum at 0.2 atmospheric pressure or less.

The preset invention has been proposed to solve the
problems in the related art and an object of the present
invention is to provide a compact tunable external resonator-
type laser device that can be manufactured in the shape of a
TO (Transistor Outline) type package that is very small and
manufactured at a low cost.

In particular, an object of the present invention is to
provide a compact tunable laser device that can be manu-
facture in a size capable of being mounted on an SFP
transceiver case standardized in the related art, by using an
inexpensive TO type package and disposing a laser diode
package so that the TO type package can be manufactured
smaller than a butterfly type package of the related art.

The tunable-selective filter is manufactured by alternately
depositing

GaAs/GaAlAs layers on a GaAs semiconductor substrate
and temperature dependency of the transmission wavelength
of the tunable-selective filter is about 90 pm/° C. The type
of laser proposed in the present invention is determined in a
Fabry-Perot mode in which its oscillation wavelength is
determined by a resonator composed of a semiconductor
laser diode chip and a partial reflective mirror within a
wavelength range passing through the tunable-selective fil-
ter. In the present invention, since the semiconductor laser
diode chip and the tunable-selective filter based on GaAs are
disposed on the thermoelectric element, when the tempera-
ture of the thermoelectric element is changed, the tempera-
ture of the semiconductor laser diode chip and the tunable-
selective filter which are disposed in the resonator is
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changed. When the temperature of the semiconductor laser
diode chip and the tunable-selective filter made of a semi-
conductor material based on GaAs is changed, reflectivity of
the semiconductor laser diode chip and the tunable-selective
filter, so that the oscillation wavelength is changed, and
accordingly, it is possible to make a tunable-selective laser
simply and at a low cost.

Further, according to the present invention, the resonator
composed of a laser diode chip and a feedback reflective
mirror is manufactured in a folder type and the optical
feedback-partial reflective mirror is disposed over the 45°-
reflective mirror, so that laser light emitted horizontally from
the laser diode chip is chanted into vertical direction.
Accordingly, the path of light is adjusted to be suitable for
a TO type package having a through-hole through which
laser light comes out is formed at a vertical side of the TO
type package, so an inexpensive TO type package can be
used. Therefore, the manufacturing cost is lower than the
laser package of the related art which uses an expensive
butterfly type package.

In addition, in the present invention, since the laser diode
chip and the optical feedback-partial reflective mirror are
manufactured in a folder type and the optical feedback-
partial reflective mirror is disposed over the 45°-reflective
mirror, it is possible to minimize the area of the bottom of
the resonator. Accordingly, it is possible to mount the
resonator on a compact TO package having a diameter of 7
mm or less by minimizing the area of the bottom, so that it
is possible to manufacture an SFP transceiver using a TO
package.

DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram schematically illustrating the external
form of a TO type package.

FIG. 2 is a conceptual diagram illustrating the operation
principle of an extension resonator-type laser diode package
according to the present invention.

FIG. 3 is a conceptual diagram illustrating oscillation
wavelength determination in an extension resonator-type
laser, in which (a) of FIG. 3 is an example of a transmission
curve of a tunable-selective filter, (b) of FIG. 3 is an example
of'a Fabry-Perot mode determined in an extension resonator,
and (c) of FIG. 3 is an example of a wavelength character-
istic of laser light oscillated by an extension resonator and a
tunable-selective filter.

FIG. 4 is a conceptual diagram illustrating oscillation
wavelength determination in an extension resonator-type
tunable laser, in which (a) of FIG. 4 is an example of a curve
illustrating a change in transmittance of a tunable-selective
filter according to temperature, (b) of FIG. 4 is an example
illustrating a change in a Fabry-Perot mode determined in an
extension resonator according to temperature, and (c) of
FIG. 4 is an example illustrating a Fabry-Perot mode of an
extension resonator that changes in accordance with tem-
perature and a change characteristic of the wavelength of
laser light oscillated by a tunable-selective filter that changes
in accordance with temperature.

FIG. 5 is conceptual diagram illustrating installation of a
laser device having a folder type resonator structure accord-
ing to the present invention.

FIG. 6 is conceptual diagram illustrating installation of a
laser device having another folder type resonator structure
according to the present invention.

FIG. 7 is a conceptual diagram illustrating installation of
a laser device with an optical supervisory photodiode
according to an embodiment of the present invention.
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FIG. 8 is conceptual diagram illustrating another instal-
lation of the laser device with an optical supervisory pho-
todiode according to an embodiment of the present inven-
tion.

FIG. 9 is a conceptual diagram illustrating installation of
a laser device having an optical supervisory device and an
external resonator structure mountable on a TO type pack-
age, according to another embodiment of the present inven-
tion.

FIG. 10 is a conceptual diagram illustrating installation of
a laser device having an optical supervisory device and an
external resonator structure mountable on a TO type pack-
age, according to another embodiment of the present inven-
tion.

FIG. 11 is a conceptual diagram illustrating installation of
a stand making it easy to fix a 45°-reflective mirror accord-
ing to an embodiment of the present invention.

BEST MODE

Preferred embodiments not limiting the present invention
will be described hereafter in detail with reference to the
accompanying drawings.

FIG. 1 is a diagram schematically illustrating a TO type
package that is applied to the present invention.

As illustrated in FIG. 1, the TO type package includes a
stem 1 and a cap 2, in which parts are disposed on the bottom
of the stem 1 and sealed by the cap 2. In this structure, laser
light is discharged out of the TO type package through a
through-hole formed through the top of the cap 2. In general,
the through-hole of the cap 2 has a lens or is sealed a flat
glass. In FIG. 1, a vertical direction and a horizontal
direction to be used for describing the present invention are
defined by arrows.

FIG. 2 is a conceptual diagram illustrating the operation
principle of an extension resonator-type laser diode package
according to the present invention.

As illustrated in FIG. 2, a laser diode package according
to the present invention includes: a laser diode chip 100 that
is mounted on a sub-mount 110 for a laser diode chip; a
collimating lens 200 that collimates a laser light from the
laser diode chip 100 into collimated light; a tunable-selec-
tive filter 300 that selectively transmits light having a
specific wavelength, which is variable in accordance with
temperature, in the laser light collimated through the colli-
mating lens 200; and an optical feedback-partial reflective
mirror 500 that reflects some of the laser light traveling
through the tunable-selective filter 300 and transmits the
other laser light. The laser diode chip 100 and the tunable-
selective filter 300 are disposed on a thermoelectric element
(not illustrated) for adjusting temperature.

The laser diode chip 100 is an edge emitting type laser
diode chip and laser light is emitted from both cut side of the
edge emitting type laser diode chip 100. The laser diode chip
100 includes a semiconductor laser of an InP substrate and
may emit light having an oscillation wavelength of 1100 nm
to 1700 nm, In the cut sides, the cut side of the laser diode
chip 100 which faces the optical feedback-partial reflective
mirror 500 is a non-reflective coating side (non-reflective
side) having reflectivity of 1% or less. The non-reflective
side has reflectivity of 1% or less, preferably, 0.1% or less,
and more preferably, 0.01% or less. The side opposite to the
non-reflective side of the laser diode chip 100 generally has
reflectivity of 1% or more, preferably reflective of 10% or
more, and more preferably, reflectivity of 80% or more.
Light cannot be fed back in the laser diode chip 100 with one
of the cut sides non-reflectively coated, so a Fabry-Perot
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mode in which the laser diode chip 100 functions as a
resonator is not formed. Light emitted from the laser diode
chip 100 has wavelengths in a very wide wavelength band
(generally, half-value breadth of 20 nm or more). The light
having a wide wavelength band emitted through the non-
reflective side of the laser diode chip 100 is collimated into
collimated light by the collimating lens 200. The light
having a wide wavelength band that is collimated by the
collimating lens 200 travels into the tunable-selective filter
300 having a narrow transmission wavelength bandwidth. In
the light traveling into the tunable-selective filter 300, the
other except the light passing through the tunable-selective
filter 300 is reflected by the tunable-selective filter 300 to
another path through which it cannot be fed back to the laser
diode chip 100. The light passing through the collimating
lens 200 and then the tunable-selective filter 300 from the
laser diode chip 100 reaches the optical feedback-partial
reflective mirror 500. In the light reaching the optical
feedback-partial reflective mirror 500, the light reflecting
from the optical feedback-partial reflective mirror 500 is fed
back to the laser diode chip 100 through the tunable-
selective filter 300 and then the collimating lens 200.
Accordingly, an extension resonator-type laser including the
laser diode chip 100, the collimating lens 200, the tunable-
selective filter 300, and the optical feedback-partial reflec-
tive mirror 500 is achieved.

When the transmission bandwidth of the tunable-selective
filter 300 is too narrow, a loss of insertion of the light passing
through the tunable-selective filter 300 increases, and when
the transmission bandwidth of the tunable-selective filter
300 is too wide, it is difficult to effectively select one
Fabry-Perot mode. Accordingly, it is preferable to appropri-
ately set the transmission bandwidth of the tunable-selective
filter 300 in order to reduce a loss of insertion of light and
effectively select the Fabry-Perot mode, and in an embodi-
ment of the present invention, the transmission bandwidth of
the tunable-selective filter 300 is set to about 0.25 nm to 3
nm.
Similarly, when the reflectivity of the optical feedback-
partial reflective mirror 500 is too low, the amount of light
fed back to the laser diode chip 100 for wavelength locking
is too small, so wavelength locking of a laser is not gener-
ated, easily, and when the reflectivity of the optical feed-
back-partial reflective mirror 500 is too high, a signal that
passes through the optical feedback-partial reflective mirror
500 to be used for light transmission becomes too weak.
Accordingly, it is preferable to appropriately set the reflec-
tivity of the optical feedback-partial reflective mirror 500,
and in an embodiment of the present invention, the reflec-
tivity of the optical feedback-partial reflective mirror 500 is
set to about 20% to 80%.

FIG. 3 is a conceptual diagram illustrating oscillation
wavelength determination from an extension resonator-type
laser, in which (a) of FIG. 3 exhibits an example of a
transmission curve of a wavelength-selectable filter, (b) of
FIG. 3 exhibits an example of a Fabry-Perot mode deter-
mined in an extension resonator, and (c) of FIG. 3 exhibits
an example of a wavelength characteristic of laser light
oscillated by an extension resonator and a tunable-selectable
filter. The wavelength determined in the extension resonator-
type laser is determined on the basis of two factors of the
transmission band of the tunable-selective filter having one
transmission wavelength band in a concerned wavelength
band, as in (a) of FIG. 3, and of a periodic and discontinuous
Fabry-Perot mode determined by the length of the extension
resonator, as in (b) of FIG. 3, and the determined specific
wavelength is oscillated, as in (¢) of FIG. 3.
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(b) of FIG. 3 means an available oscillation wavelength
band of a laser in the resonator structure of FIG. 2 and the
wavelength oscillated in the resonator structure is oscillated
one or more of the Fabry-Perot available wavelength bands
illustrated in (b) of FIG. 3. In the resonator structure of FIG.
2, only a mod in the transmission band of the tunable-
selective filter of (a) of FIG. 3 in a discontinuous Fabry-
Perot available mode in which a laser can be oscillated by
the extension resonator of (b) of FIG. 3 resonates the
extension resonator and oscillates a laser, so that laser light
having a specific wavelength is generated, as in (c) of FIG.
3.

Meanwhile, when the temperature of the thermoelectric
element not illustrated in FIG. 2 is changed, the temperature
of the semiconductor laser diode chip 100 and the tunable-
selective filter 300 on the thermoelectric element is changed.
The semiconductor laser diode chip 100 manufactured on
the basis of an InP substrate and the tunable-selective filter
300 manufactured on the basis of a GaAs substrate have a
change in reflectivity of about 2x10-4. FIG. 4 is a concep-
tual diagram illustrating oscillation wavelength determina-
tion in an extension resonator-type tunable laser, in which
(a) of FIG. 4 is an example of a curve illustrating a change
in transmittance of a wavelength-selectable filter according
to temperature, (b) of FIG. 4 is an example illustrating a
change in a Fabry-Perot mode determined in an extension
resonator according to temperature, and (c) of FIG. 4 is an
example illustrating a Fabry-Perot mode of an extension
resonator that changes in accordance with temperature and
a change characteristic of the wavelength of laser light by a
wavelength-selectable filter that changes in accordance with
temperature. With the change in temperature of the thermo-
electric element, as illustrated in (a) of FIG. 4, the trans-
mission band of the tunable-selective filter 300 moves about
90 pn/° C., The laser diode chip 100 and the tunable-
selective filter 300 that are the components of the resonator
change in reflectivity, so the Fabry-Perot mode of the entire
resonator also changes, as in (d) of FIG. 4. Accordingly, a
Fabry-Perot mode in which the actual oscillation wavelength
is within the transmission band of the tunable-selective filter
300 in convertible Fabry-Perot modes, as in (c¢) of FIG. 4, is
oscillated, so the wavelength of the laser light emitted from
the laser resonator is changed.

In general, in a TO type package that is mounted on an
SFP transceiver, all the parts should be mounted inside the
cap and light coming out of the TO type package should
emitted around the center of the TO type package. Accord-
ingly, there is a need for a 45°-reflective mirror that changes
horizontal laser light into vertical laser light to discharge
laser light horizontally traveling out of the TO package cap
above it and such a 45°-reflective mirror should be disposed
right under the cap of the TO type package.

FIG. 5 is conceptual diagram illustrating installation of a
laser device having a folder type resonator structure accord-
ing to the present invention, in which a 45°-reflective mirror
400 that changes the direction of laser light to be vertical is
disposed at a side of the optical feedback-partial reflective
mirror 500.

In general, the inner diameter of the cap of a TO type
package that is mounted on an SFP transceiver is about 4.4
mm at the maximum and the length between the laser diode
chip 100 and the center of the 45°-reflective mirror 400
should be within 2.2 mm physically so that light comes out
from the center of the cap of the TO type package.

The laser diode chip 100 of the external resonator-type
laser is about 400 nm at the minimum and the length of a
sub-mount 110 of the diode chip 100 is about 700 nm,
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considering heat dissipation of the laser diode chip 100. The
collimating lens 200 providing an appropriate beam size is
about 400 nm thick and the tunable-selective filter 300 is
about 500 nm thick at the minimum, considering stress due
to a dielectric thin layer deposited on the tunable-selective
filter 300. The thickness of the optical feedback-partial
reflective mirror 500 is generally 300 nm to 500 nm and the
size of the 45°-reflective mirror 400 is about 1000 nm. A
space of at least about 150 nm is required between the parts
to arrange the parts. Accordingly, as in FIG. 2, when the
parts are all disposed in a line above the thermoelectric
element 900 of the TO type package, the distance from the
laser diode chip 100 to the center point of the 45°-reflective
mirror 400 increases to about 2.7 mm, considering the space
required between the parts, so light cannot come out from
the center portion of the TO type package.

Further, assuming that the reflectivity of the laser diode
chip 100 is about 3.5 and the reflectivity of the collimating
lens 200 made of glass, the tunable-selective filter 300, and
the optical feedback-partial reflective mirror 500 is 1.5, the
effect optical resonator length (reflectivity converted into 1)
of the extension resonator including the laser diode chip 100
and the optical feedback-partial reflective mirror 500 is
about 4 mm. When the optical resonator length is 4 mm, the
gap between the resonator Fabry-Perot modes of (b) of FIG.
3 is about 300 pm. When the laser unstably operates and an
oscillation wavelength hops to an adjacent Fabry-Perot
mode, it is called mode hopping. It is recommended for
DWDM that the wavelength, including mode hopping, is
within +/-100 pm from the wavelength determined by an
international organization. Accordingly, in order to maintain
a wavelength within 100 pm from a predetermined wave-
length, even in mode hopping, it is preferable to increase the
length of the optical effect resonator of the extension reso-
nator to at least 6 mm or more. However, as in the structure
of FIG. 2, when a resonator has a one-dimensional arrange-
ment, an increase in the optical effect resonator of the
extension resonator necessarily increases the horizontal
length of the resonator, so the point where laser light comes
out of the TO package moves further from the center of the
TO package.

In order to solve the problems, a folder type extension
resonator-type laser structure is introduced in the present
invention, as in FIG. 5. When a resonator is arranged, as in
FIG. 5, there is no direct relationship between the length of
the resonator and the point where laser light comes out of a
TO package, there is an advantage that it is possible to
manufacture an extension resonator type laser having a long
resonator structure, using a TO can package having a narrow
area. In the structure of FIG. 5, the tunable-selective filter
300 is attached directly to the thermoelectric element 900.

FIG. 6 is a conceptual diagram illustrating installation of
a laser device according to another embodiment of the
present invention, in which the tunable-selective filter 300
and the optical feedback-partial reflective mirror 500 are
disposed over the 45°-reflective mirror 400. In this arrange-
ment, the horizontal length of the resonator can be within 1.5
mm and the optical length of the resonator can be 6 mm or
more.

FIG. 7 is a conceptual diagram illustrating installation of
a laser device with an optical supervisory photodiode
according to an embodiment of the present invention.

In FIG. 7, the 45°-reflective mirror 400 is a partial
reflective mirror and an optical supervisory photodiode 600
attached to a photodiode sub-mount 610 is disposed behind
the 45°-reflective mirror 400 so that it is possible to monitor
the intensity of laser light by sending a portion of light,
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which travels into the 45°-reflective mirror 400, into the
optical supervisory photodiode 600 through the 45°-reflec-
tive mirror 400. In this arrangement, the optic intensity
supervisory photodiode 600 is disposed opposite to the laser
resonator with the center point of the TO package therebe-
tween, so it is possible to efficiently use the inside of the TO
type package.

It is possible to monitor the intensity of light by sending
a portion of light, which is emitted from the laser diode chip
100 and travels into the 45°-reflective mirror 400, into the
optical supervisory photodiode 600, as in FIG. 7, but the
optical supervisory photodiode 600 may be disposed under
the 45°-reflective mirror 400 to monitor the intensity of
light, and FIG. 8 is a conceptual diagram illustrating instal-
lation of an optical supervisory photodiode disposed under
a 45°-reflective mirror. When the 45°-reflective mirror 400
has the function of a partial reflective mirror, light passes
through the 45°-reflective mirror 400, even if the light,
which is in the path returning to the laser diode chip 100
after reflecting from the optical feedback-partial reflective
mirror 500, in the light reflecting from the 45°-reflective
mirror 400 and then traveling into the optical feedback-
partial reflective mirror 500, reaches the 45°-reflective mir-
ror 400.

The light travels to the 45°-reflective mirror 400 from the
optical feedback-partial reflective mirror 500 and passes
through the 45°-reflective mirror 400 reaches the bottom of
the 45°-reflective mirror 400, so it is possible to perform the
function of monitoring the intensity of light in the same way,
even if the optical supervisory photodiode 600 is disposed
under the 45°-reflective mirror 400. Arranging the optical
supervisory photodiode 600 under the 45°-reflective mirror
400 does not increase the horizontal axial length of the
extension resonator, so it is also a method capable of
maximally using the inside area of the TO type package.

FIG. 9 is a conceptual diagram illustrating a laser device
according to another embodiment of the present invention,
which relates to a method of finding the wavelength of light,
using light vertically and horizontally passing through the
45°-reflective mirror 400.

As illustrated in FIG. 9, a wavelength filter 700 of which
the transmittance changes in accordance with a wavelength
is inserted in the path of light vertically passing through the
45°-reflective mirror 400 and a wavelength supervisory
photodiode 650 is attached to a path of light passing through
the wavelength filter 700. Further, an output supervisory
photodiode 620 is disposed in the path of light vertically
passing through the 45°-reflective mirror 400. It is possible
to find the ratio of light passing through the wavelength filter
70 by dividing the optical current of the wavelength super-
visory photodiode 650 disposed as described above by the
optical current flowing through the output supervisory pho-
todiode 620, and it is possible to find the wavelength of laser
light from the ratio. For the characteristics of the wavelength
filter 700, it is preferable that the wavelength characteristic
does not change or changes in accordance with temperature
within 15 pm/° C. and more preferably, the wavelength
characteristic changes in accordance with temperature
within 3 pm/° C.

FIG. 10 is a conceptual diagram illustrating a laser device
according to another embodiment of the present invention,
in which a wavelength filter 700 of which the transmittance
changes in accordance with a wavelength is inserted in the
path of light vertically passing through the 45°-reflective
mirror 400 and a wavelength supervisory photodiode 650 is
attached to a path of light passing through the wavelength
filter 700. An output supervisory photodiode 620 is disposed
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in the path of light reflecting from the wavelength filter 700.
It is possible to find the intensity of light passing through the
wavelength filter 70 and the ratio of reflecting light by
comparing the optical current of the wavelength supervisory
photodiode 650 disposed as described above with the optical
current flowing through the output supervisory photodiode
620, and it is possible to find the wavelength of laser light
from the ratio.

FIG. 11 is a diagram illustrating a 45°-reflective mirror stand
for easily mounting a 45°-reflective mirror on a TO type
package according to an embodiment of the present inven-
tion.

As illustrated in FIG. 11, the 45°-reflective mirror stand
450 according to the present invention is manufactured in a
hexahedral shape with a through-through-hole at 45° with
respect to the bottom and a flat plate-shaped 45°-reflective
mirror 400 is inserted in the through-hole and disposed on a
thermoelectric element. A partial reflective mirror 500 is
attached to the upper portion of the 45°-reflective mirror
stand 450. This structure makes it possible to easily attach
the 45°-reflective mirror 400 and the partial reflective mirror
500. A material having a high heat transfer rate is suitable for
the stand 450 and a silicon substrate that has a heat transfer
rate of 170 W/m and allows easy forming of a hold through
dry etching is suitable for the material. In particular, it is
very easy to adjust the width of a through-hole through dry
etching and easy to adjust the angle with respect to the
bottom, so the flat plate-shaped reflective mirror 400 can be
arranged at 45° by only inserting the flat plate-shaped
reflective mirror 400 in the through-hole of the silicon stand,
thereby making an assembly process easy.

On the other hand, when the external environment tem-
perature around a TO type package, heat transfers between
the outer side of the TO type package and the parts in the TO
type package. The distances between the parts in the TO type
package and the outer side of the TO type package can be
variously changed, so a change in external environment
temperature around the TO type package may non-uni-
formly change the temperature of the parts in the TO type
package. The individual change in temperature of the mate-
rial of the resonator non-uniformly changes the effective
optical length of the resonator, so it is preferable to minimize
heat transfer between the parts of the resonator and the TO
type package. Accordingly, it is preferable to keep the inside
of the TO type package vacuum and the degree of vacuum
is preferably 0.2 atmospheric pressure or less.

As described above, in the laser diode package device
according to the present invention, since the optical feed-
back-partial reflective mirror 500 is disposed over the 45°-
reflective mirror 500 disposed horizontally to the laser diode
chip, the horizontal length of the laser resonator is mini-
mized and the optical resonator length is increased, so it is
possible to maximally use the inside area of the TO type
package. The present invention is not limited to the embodi-
ments described above and it should be understood that the
present invention may be changed and modified in various
ways by those skilled in the art within a range equivalent to
the spirit of the present invention and claims to be described
below.

DESCRIPTION OF MAIN REFERENCE
NUMERALS OF DRAWINGS

100: Laser diode chip
200: Collimating lens

110: Laser diode chip sub-mount
300: Tunable-selective filter
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-continued
400: 45°-reflective mirror 450: Stand
500: Optical feedback-partial reflective mirror

600:
610:
650:

Photodiode

Photodiode sub-mount 620: Output supervisory photodiode
Wavelength supervisory photodiode

660: Wavelength supervisory photodiode sub-mount

700: Wavelength filter having transmittance changing in accordance with
wavelength

900: Thermoelectric element 910: Package stem

The invention claimed is:

1. A semiconductor laser device comprising:

a laser diode chip (100) that emits laser light;

a 45°-reflective mirror (400) that changes laser light
traveling horizontally to a package bottom into laser
light traveling perpendicular to the package bottom and
is a partial reflective mirror having a partial reflection/
partial transmission characteristic;

a collimating lens (200) being disposed along a path of
light between the laser diode chip (100) and the 45°-
reflective mirror (400), and the collimating lens (200)
collimating light emitted from the laser diode chip
(100);

a tunable-selective filter (300) for changing a transmissive
wavelength in accordance with temperature, and the
tunable-selective filter (300) being disposed along a
path of light reflected vertically by the 45°-reflective
mirror (400);

an optical feedback-partial reflective mirror (500) being
disposed along a path of light reflected by the 45°-
reflective mirror (400) and passing through the tunable-
selective filter (300), and the optical feedback-partial
reflective mirror (500) reflecting some of the laser light
passing through the tunable-selective filter (300) back
through the tunable-selective filter (300) and toward the
45° -reflective mirror (400) while transmitting a
remainder of the laser light which passes through the
tunable-selective filter (300);

an optical supervisory photodiode (600) being disposed
under the 45°-reflective mirror (400) and along a path
of light passing vertically through the 45°-reflective
mirror (400), and the optical supervisory photodiode
(600) receiving a fed laser light reflected from the
optical feedback-partial reflective mirror (500) and
passing through the 45°-reflective mirror (400) for
monitoring an intensity of the fed laser light;

a wavelength supervisory photodiode (650) being dis-
posed on a side of the 45°-reflective mirror (400) and
along a light path passing horizontally through the
45°-reflective mirror (400), and the optical supervisory
photodiode (650) receiving laser light emitted from the
laser diode chip (100) which passes through the 45°-
reflective mirror (400) and monitoring the intensity of
the laser light emitted from the laser diode chip (100);
and

a wavelength filter (700) being disposed between the
45°-reflective mirror (400) and the optical supervisory
photodiode (650) and along the path of light passing
through the 45°-reflective mirror (400), and the wave-
length filter (700) changing a transmittance in accor-
dance with wavelength;

wherein the transmittance of the wavelength filter (700)
and the wavelength of light are calculated by compar-
ing optical current flowing through the optical super-
visory photodiode (600) and the optical supervisory
photodiode (650).



US 9,466,944 B2
11

2. The laser device of claim 1, wherein the tunable-
selective filter (300) is manufactured by alternately depos-
iting GaAs and AlGaAs on a GaAs substrate, and a half-
value breadth of a transmissive wavelength band is 0.25 nm
to 3 nm. 5
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